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(54) MANUFACTURE OF OPTICAL WAVEGUIDE 

(57)Abstract: 

PURPOSE: To manufacture an optical waveguide in a 
single time at low cost with a simple method using no 
photolithography process. 

CONSTITUTION: A C02 laser beam is emitted onto a 
quartz glass base I, the quartz glass base 1 is relatively 
moved to the C02 laser beam, whereby a core pattern 
groove 2 is worked on the quartz glass base 1 upper 
surface. A core film 3 having a refractive index higher 
than the quartz glass base 1 is buried in the core pattern 
groove 2. The whole upper surface of the quartz glass 
base 1 having the core film 3 with high refractive index 
buried therein is covered with a clad film 4 having a 
refractive index lower than the core film 3. Thus, all 
metal film forming process, photolithography process, 
metal film patterning process, core layer dry etching process and metal film releasing process 
which were necessary in the past can be omitted. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** snows me wor d which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is C02 on a quartz-glass substrate. A laser beam is irradiated and it is C02 about the above- 
mentioned quartz-glass substrate. By making it displaced relatively to a laser beam The process which 
processes a core pattern slot on the above-mentioned quartz-glass substrate top face, and the process 
which embeds the core film of a high refractive index rather than the above-mentioned quartz-glass 
substrate at this core pattern Mizouchi, The manufacture approach of the optical waveguide equipped 
with the wrap process for the whole top face of the quartz-glass substrate embedding the core film of 
this high refractive index by the clad film of a low refractive index rather than the above-mentioned core 
film. 

[Claim 2] The process which processes the above-mentioned core pattern slot in the manufacture 
approach of optical waveguide according to claim 1 is the manufacture approach of the optical 
waveguide which is the process which processes at least one patterns, such as a directivity coupled 
circuit, a Y branch circuit, a ring resonance circuit, and a transverse differential circuit, by this core 
pattern slot consisting of a straight line, curves, or those combination. 

[Claim 3] The manufacture approach of optical waveguide using [ on the manufacture approach of 
optical waveguide according to claim 1 or 2, and ] the oxide film or the poly membrane as the core film 
and the clad film of a low refractive index of the above-mentioned quantity refractive index. 
[Claim 4] The manufacture approach of optical waveguide using the quartz-glass substrate which 
contained one sort of additives for refractive- index control, such as B, Ti, germanium, F, P, Na, and 
aluminum, at least instead of the above-mentioned quartz-glass substrate in the manufacture approach of 
optical waveguide according to claim 1 to 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the optical waveguide 
which formed the direct core pattern on the quartz-glass substrate, and attained simplification of a 
process. 
[0002] 

[Description of the Prior Art] Aiming at the advancement of optic fiber communication, multi- 
functionalization, and low-cost- izing, realizing optical-signal-processing circuits, such as an optical 
spectral separation multiplexing circuit, an optical star coupler, and an optical filter, with optical 
waveguide structure has come to be performed actively. 

[0003] Conventionally, the above-mentioned optical waveguide was made by the approach shown in 
drawing 6 . Namely, the photoresist film is applied on the process 3 1 which forms the buffer layer of a 
low refractive index on Si or a glass substrate, the process 32 which forms the core layer of a high 
refractive index on it, the process 33 which forms the metal film for masks on a core layer, and the metal 
film. The pattern of the process 34 which carries out patterning of the photoresist film by the 
photolithography, and the photoresist film is used as a mask. The metal film by dry etching The process 
35 which carries out patterning, the process 36 which uses the pattern of the above-mentioned metal film 
as a mask, and etches a core layer by dry etching, the process 37 which exfoliates the metal film, and the 
whole core layer surface which carried out [ above-mentioned ] patternizing are consisted of a wrap 
process 38 by the cladding layer of a low refractive index. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the manufacture approach of the conventional 
optical waveguide has many routing counters, and low-cost-izing is difficult for it. Reduction of costs is 
difficult only by having to use a very expensive photo mask especially at a photolithography process, 
and there being this process. Moreover, by the time it finishes creating, in order to pass through many 
processes, great time amount is required. 

[0005] Then, the purpose of this invention cancels the fault of the above mentioned conventional 
technique, is a simple approach, and is to offer the approach of manufacturing optical waveguide by low 
cost to single time amount. 
[0006] 

[Means for Solving the Problem] The summary of this invention is the approach of manufacturing 
optical waveguide without the formation process of the metal film, a photolithography process, the 
patterning process of the metal film, the dry etching process of a core layer, and the exfoliation process 
of the metal film in the conventional manufacture approach. 

[0007] That is, it is C02 on a quartz-glass substrate. A laser beam is irradiated and it is C02 about the 
above-mentioned quartz-glass substrate. By making it displaced relatively to a laser beam The process 
which processes a core pattern slot on the above-mentioned quartz-glass substrate top face, and the 
process which embeds the core film of a high refractive index rather than the above-mentioned quartz- 
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glass substrate at this core pattern Mizouchi, It is the manufacture approach of the optical waveguide 
equipped with the wrap process for the whole top face of the quartz-glass substrate embedding the core 
film of this high refractive index by the clad film of a low refractive index rather than the above- 
mentioned core film. 
[0008] 

[Function] It is C02 about the patterning process of a core. By carrying out with laser beam light, the 
process which forms the conventional metal film, a photolithography process, the metal film and the dry 
etching process of a core layer, and the exfoliation process of the metal film become unnecessary. 
[0009] It is C02 which used the quartz system glass substrate as a substrate ingredient although optical 
waveguide of this invention is realized. A slot can process it easily by the laser beam, and a crack goes 
into a substrate during processing and after processing, or it is not divided, but is because it is a very 
stable ingredient. 

[0010] C02 Processing of the core pattern slot by the laser beam is very a short time, and can be 
performed in a clean ambient atmosphere. Moreover, since the internal surface of the processed slot is a 
very smooth field, the very low optical waveguide of light- scattering loss is realizable. 
[001 1] C02 The floor to floor time of the slot by laser is C02. If laser power uses what is 70 W, since it 
is processible at the rate of 1 - 2 mm/sec, it is very a short time (1/10 or less [ conventional ]). Moreover, 
the processing dimensional accuracy of a core pattern slot can acquire the pattern process tolerance of 
mum order by using XY driving gear which used the numerical-control device of a pulse motor drive. 
[0012] C02 Since the diameter of a spot of a laser beam is usually about 50 micrometers, it is very 
suitable for the manufacture approach of the optical waveguide for multimode transmission. 
[0013] 

[Example] The example of the manufacture approach of the optical waveguide of this invention is 
shown in drawing 1 . As first shown in (a), the quartz-glass substrate 1 is prepared. Subsequently, as 
shown in (b), it is C02 to the top face of the quartz-glass substrate 1. A laser beam is irradiated and the 
core pattern slot 2 is formed. From dozens of micrometers, the width of face W of the core pattern slot 2 
is the range of 10 micrometers, and depth T has [ more than 100 / more than 100 ] the range desirable 
[ here, ] from several micrometers of 1 0 micrometers. 

[0014] Width of face W is C02. It is decided by the diameter of the beam spot of a laser beam. Depth T 
is C02. Passing speed V and C02 of the quartz-glass substrate 1 at the time of irradiating a laser beam 
on the top face of the quartz-glass substrate 1 It is dependent on the power P of a laser beam. That is, 
depth T will become large if depth T is small if a rate V is large, and Power P is large. These reverse 
shows an opposite inclination. 

[0015] Next, as shown in (c), the core film 3 of a high refractive index is formed to the field in which the 
slot 2 was formed. This core film 3 is the core film 2 which has the refractive index of a value higher 
than the refractive index of the quartz-glass substrate 1, for example, SiO. The oxide film containing at 
least one sort of additives for refractive-index control, such as Ti, germanium, P, aluminum, Zn, Zr, Ta, 
Na, and K, and poly membranes, such as a polymethyl methacrylate, polyvinylidene fluoride, 
polystyrene, polyimide, and a polycarbonate, are used. Especially, since a liquefied thing is obtained 
easily in the case of a poly membrane, it is advantageous at the point which can be embedded uniformly 
on the field in which the above-mentioned slot 2 was formed uniformly, to Mizouchi. 
[0016] In the case of the liquefied film, the core film 3 can be formed by making it heat and harden after 
spreading. In the case of an oxide film, it can form by approaches, such as a plasma-CVD method, 
electron beam vacuum deposition, a reduced pressure CVD method, and the flame depositing method. 
[0017] Next, as shown in (d), the core film 3 of a high refractive index formed in addition to slot 2 of the 
top face of the quartz-glass substrate 1 is removed by approaches, such as polish and etching. Finally, as 
shown in (e), the clad film 4 of a low refractive index is formed, and it completes. Here, as this clad film 
4 of a low refractive index, they are Si02 or Si02. The thing containing at least one sort of refractive- 
index control objects, such as B and F, or the poly membrane mentioned above can be used. And the 
refractive index of this clad film 4 of a low refractive index uses the thing of a value lower than that of 
the core film 3 of a high refractive index. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web__cgi_ejje 



6/10/04 



Page 3 of 3 



[001 8] The schematic diagram of the recessing equipment of this example is shown in drawing 2 . This 
is equipment for realizing the process of (b) of drawing 1 . The quartz-glass substrate 1 is fixed on the 
substrate standing ways 1 1 . It can move now in the direction 12 of X, and the direction 13 of Y by 
computer numerical control with the XY driving gear 9 in the substrate standing ways 1 1 . The 
numerical-control device of a pulse motor drive is incorporated, and, as for the XY driving gear 9, the 
pattern process tolerance of mum order is acquired. In the substrate standing ways 1 1, it is C02. It has 
trenched [ 14 ] so that a laser beam can penetrate the quartz-glass substrate 1 . C02 The laser beam 8 
from a laser light source 5 is irradiated so that a focus may be connected to the top face of the quartz- 
glass substrate 1 through a half mirror 6 and a condenser lens 7. 

[0019] It is C02 on the quartz-glass substrate 1. A laser beam 8 is irradiated, the XY driving gear 9 is 
operated, and it is C02 about the quartz-glass substrate 1 . By making it move to a laser beam 8, the core 
pattern slot of the configuration of arbitration is processible into quartz-glass substrate 1 top face. 
[0020] Drawing 3 shows the example of the straight-line waveguide manufactured by the manufacture 
approach of the optical waveguide of this example. Si02 It is C02 to the front face of a substrate 1 . The 
core pattern slot 2 is formed by laser beam machining, the high refractive- index core film 3 is embedded 
at Mizouchi, and the low refractive- index clad film 4 is formed on it. The configuration of the core 
pattern slot 2 is a straight line. 

[0021] Drawing 4 shows the example of the optical waveguide mold Y branch circuit which 
manufactured by this example. At this example, it is Si02 in a substrate. B and Na use the fine little ** 
rare ** quantity silica glass (trade name Vycor glass, U.S. Corning glass company make) substrate 15. 
The configuration of the core pattern slot 2 is Y mold. This Y branch circuit 16 is an optical circuit to 
which carry out equipartition of the lightwave signal shown by the arrow head 20 which carried out 
incidence to the input section to the two output sections, and a lightwave signal is made to output like 
arrow heads 21 and 22. If cascade connection of the above-mentioned circuit 16 is carried out, it is 
possible to realize the optical star coupler of a 1 input n output (n>=4). 

[0022] Drawing 5 shows the example of the optical waveguide mold directivity coupled circuit 
manufactured by this example. The Si substrate 1 7 is used for a substrate in this example, and it is Si02 
on that Si substrate 17. The film 18 is formed and it is this Si02. The core pattern slot 2 is processed 
into the film 18. The configuration of the core pattern slot 2 is a configuration which the straight line 
and the curve combined. It can distribute, and the directivity coupled circuit 19 can join a lightwave 
signal, or can give a wavelength selection function. 

[0023] In addition, a ring resonance circuit, a transverse differential circuit, etc. which combined the 
groove pattern of a straight line and a curve can be constituted as other optical waveguides. Moreover, in 
order to improve the property of waveguide, the quartz-glass substrate containing at least one sort of 
additives for refractive-index control other than Above B and Na, such as Ti, germanium, F, P, and 
aluminum, may be used instead of a quartz-glass substrate. 
[0024] 

[Effect of the Invention] According to this invention, it is C02 on a quartz-glass substrate. Since form a 
core pattern slot, the core film of a high refractive index is embedded at the Mizouchi, the whole 
substrate top face is finally covered by the film of a low refractive index and optical waveguide was 
manufactured by irradiating a laser beam, as compared with the conventional thing which used the 
photolithography and the etching technique, it can make from low cost very easily in a short time. 
Moreover, C02 Recessing by the laser beam is a clean ambient atmosphere, and since a very smooth 
field can be formed, the very low optical waveguide of light- scattering loss is realizable. 
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